The background shows that intervention on historical walls highlights the difficulty of identifying design solutions that are effective and compatible due to the lack of specific data on the thermal characteristics of the specific contexts investigated. This determines the choice of design solutions that are frequently inadequate and unsustainable from an environmental and economic point of view. Starting from acquired data a methodology has been developed that is based on in situ experimental investigations able to return the most probable value of transmittance of the historical walls. The values measured on the samples analysed do not reflect the literature data. For some of the samples analysed, the measured transmittance is lower than the one recorded in literature of about 10-15%. For the remaining ones, there are no reference values. The importance of an in-depth knowledge of the real behaviour of an existing historical envelope of a building is therefore fundamental, given that any evaluation mistake can have serious consequences from both an economic and environmental point of view. Underestimating the transmittance of a wall implies a waste in the use of available resources but also the disposal of greater quantities of building materials in relation to the end of life. The developed methodology can be easily replicated in other contexts and extended to all building elements that make up the historical envelope. The study will be continued by analysing further samples in order to create a reference knowledge database accessible to researchers, professionals and organizations.
Introduction
The willingness to operate on existing buildings, in particular on historic ones, represents the opportunity to support the building recovery with the introduction of innovative technologies that contribute to ensuring the environmental comfort of contemporary users. In these contexts, however, it is important to start by carrying out a preliminary analysis of the state of the building envelope through an accurate survey of the wall structures, the stratigraphy, the materials used, the degradation conditions, . . . for the development of any project aimed at increasing the energy efficiency of the building envelope [1] . The intervention on historical walls in fact highlights the difficulty of identifying design solutions that are effective and compatible due to the lack of specific data on the thermal characteristics of the specific contexts investigated. In particular, the lack of input data (for example, transmittance and thermal resistance) often determines the need to resort to literature data, often distant from the real ones. This determines the choice of design solutions that are frequently inadequate, oversized and therefore incompatible and unsustainable from an environmental and economic point of view.
Both in large or small cities, the preservation of historical structures can be very important for the economic development. The architectural fabric of the city is woven into its neighbourhoods providing identity, sense of place and marketing of place [2] .
For this reason, a preliminary energy diagnosis of historic buildings through in situ measurements becomes essential.
In fact the historical building fabric is the result of local knowledge and the use of materials found in situ [1, 3] . Therefore, information between different sites characterized by different construction realities cannot be generalized. In light of this consideration, specific investigations on the energy diagnosis of the existing historical buildings are necessary to know the basic "initial" data for the development of any project on the efficiency of the building envelope [4] . The intervention on historical walls, in fact, highlights the difficulty of identifying design solutions that are effective and compatible due to the lack of specific data on their thermal characteristics. In particular, reference is made to thermal transmittance. In fact, the energy requirement of the building is proportional to the thermal transmittance of the opaque and transparent elements constituting the building envelope, which is the indicator of the energy efficiency (this indicator has been analysed by several authors with similar results [5] [6] [7] [8] ) of the building and of the relative running cost [9] . As known, the transmittance is equal to the inverse of the thermal resistance, a value that is strictly dependent on the thermal conductivity of each material that constitutes the stratigraphy of a wall. However, when no information is available on the characteristics of the materials composing the wall, reference and literature values can be used. Specifically Corrado, V. et al. [10] have investigated the transmittance value estimated through a research project and [11] [12] [13] can be used as legislative reference values.
Since the difference between the project and the actual data is linked to numerous factors, often not directly observable, we often resort to the experimental approach for the direct evaluation of the thermal resistance of the elements making up the building envelope [8, 14] . A similar approach can also be used in relation to historical walls. In fact, when the intervention concerns such a context, often there is no information available on the stratigraphy of the wall, on the type and characteristics of the materials and cannot be acquired by means of destructive methods. Furthermore, the use of literature data often leads to incorrect evaluations due to the distance between them and reality. At international level it is clear that a certain level of knowledge of the energetic behaviour of historical buildings has not yet been acquired, nor are there any agreements on performance improvement strategies that take into account the values of cultural, historical, architectural, technical and construction heritage [15, 16] . Therefore, the development of a correct energy analysis can help to identify the best rehabilitation solutions that are compatible, respectful of the values to be conserved and that can guarantee user comfort and energy efficiency [17, 18] .
In this perspective, effective and accurate electronic equipment have to be designed for specific in situ tests both for short and long period analysis [19] . It is necessary to provide dedicated equipment and sensors systems for the management of the work in terms of diagnosis and control [20] . For infrastructures and civil structures, long-term monitoring is necessary for diagnosis. A sensory based monitoring system communicating with custom datalogger and node is of valuable perspective. The datalogger must be able to acquire the data coming from the nodes through wired communication and to synchronize acquisitions [21] . Furthermore, the datalogger must have internal memory for collecting data for post-processing. The nodes, apart from sensors, must incorporate a general-purpose microcontroller and an external memory for storage measures [22] .
Starting from acquired data a methodology has been developed that is based on in situ experimental investigations able to return the most probable value of transmittance of the historical walls. This in one of the key parameters for the calculation of the energy efficiency of the building [23] .
The main objective of the research carried out was to identify the transmittance of the historical wall selected in the specific context under investigation. In order to achieve this goal, the progressive Energies 2018, 11, 2987 3 of 18 average method of the UNI ISO 9869: 1994 standard was used. Jihyun, O. et al. and Seo-Hoon Kim et al. stated that standard " . . . is an exceedingly accurate diagnostic method when the data measured via the in situ measurement of thermal transmittance is in a quasi-steady state" [1, 24] .
The literature shows the existence of studies in this direction, the results of which relate to specific contexts, given the already mentioned specificity of materials and local construction techniques. For example, Reference [16] realizes experimental measurements on the thermal transmittance of several ancient walls made of stone, bricks and mixed materials. References [25, 26] compares among standard, calculated and measured data in the case of historical brick masonries and in the case of historical stone masonries. Finally, the results were compared with the national standard, like in a previous study [27] . In the so-called "Limestone area of L'Aquila" [28] , although there are numerous studies related to the historical walls [29] , minor centres [30] and the local building techniques [31] , there are no structured studies aimed at understanding the thermal attraction of the historical walls.
For this reason, in this paper we propose an experimental methodology aimed at identifying the most probable value of thermal transmittance of the historical walls in the above mentioned area, considering that according to an Italian research [32] even when using the same material, the transmitted transmittance values may vary, because different origins correspond to different values of λ.
This experimental methodology has been applied and verified in some case studies, specifically, this paper aims to illustrate the results achieved in a small village located in Italy, in the Abruzzo Region, in the Province of L'Aquila, which were then compared to literature data. The case studies have been identified as a function of construction solutions, with the aim of investigating the most recurring ones. The choice of the sample walls has been carried out following a series of in-depth analyses to verify that suitable monitoring conditions have occurred. Therefore, it has not always been possible to identify the most significant samples. In conclusion, this paper aims to illustrate the results obtained by highlighting the similarities and differences between the various case studies, also in order to increase the knowledge on historical buildings.
Materials and Methods
The starting point of the methodology developed is the knowledge acquired following the experimental investigations carried out during the development of a previous research [23, 28] but it has been expanded and deepened in several case studies verified within an entire historic village. This small town, due to its construction characteristics and the values it preserves on a historical and architectural level, can be considered a sufficiently representative village within the wider territorial context in which it is inserted. Before implementing the experimentation, initial analyses have been necessary to identify and classify the main types of vertical opaque closures in the centre. Therefore, a preliminary historical analysis was carried out, such as to understand the main stages of growth of the village and its fabric, in order to identify its dating. Afterwards, given the extension of the village, a subdivision in zones was made for the only purpose of facilitating the initial survey operation of the wall types.
Since the reliability of the tests is linked to the occurrence of certain conditions, the thermal performance of masonries has been measured using the heat flow-meter measurement (HFM), a Non-Destructive Testing (NDT), that permits to determine the thermal transmittance properties of the opaque envelope directly in situ. The procedure is regulated by UNI ISO 9869: 1994. According to this rule the measurements can be considered reliable under certain conditions summarized below: i. they must be performed in accessible areas with confined spaces; on walls not exposed to direct sunlight; ii. in environments where the internal temperature is constant, close to 20 degrees and with an internal-external difference of at least 10-15 degrees; iii. in the absence of inversion of the thermal flux, that is, with external temperatures higher than 5-10 degrees;
Energies 2018, 11, 2987 4 of 18 iv. finally, electricity is necessary to allow the use of the technical equipment.
In addition, the measurement must last for several days and must be performed on a portion of the wall the most uniform as possible, that is, equidistant from other construction elements (doors, windows, corner nodes, ...) and representative of the wall as a whole [33] .
In light of the above listed constraints, it was necessary to develop the so-called "Test Project," consisting of three distinct phases:
• the definition of the elements under investigation, • the implementation of the survey itself, • data meaning and interpretation, • calculation of the transmittance value.
The first of the three phases was developed through the identification, analysis and mapping of the wall types present in the historic village. The buildings in which the masonry has remained uncovered show the various stratifications, collapses and reconstructions that have occurred over time. Normally, the buildings covered with plaster conceal the wall structure making impossible to recognize the different stratifications and connections with the new interventions, leaving only the calcareous stone worked in correspondence with the door and window and/or corners. But often, if there are any collapses, the exact stratigraphy can be reconstructed.
The second phase is aimed at defining the choice parameters in the selection of the wall samples studied. This step is essential to allow compliance with the measurement conditions previously listed in the UNI ISO 9869 standard.
Therefore, once the wall types have been identified, a second mapping of the historical village has been carried out indicating collapses, demolitions, areas not accessible due to the presence of rubble and the presence or absence of window frames. This operation led to the elimination of all buildings not suitable for the tests. Through the synthesis of these analyses the buildings and the relative "sample walls" were chosen. Subsequently, a metric-structural survey was elaborated and both the space distribution and functional aspects and the technological elements constituting the building envelope were analysed. The in-depth study was also performed in order to identify the most undisturbed and uniform wall samples, without thermal bridges. The presence of the latter has been verified by means of thermographic analysis in accordance with standard (IS0 6781:1983) .
At that point, it was possible to start with the measurements. The instrumentation used consisted of a flat-plat thermal flux meter located inside the building, a wireless temperature probe, placed outside and two probes measuring the surface temperatures of the two sides of the wall also positioned near it (Figure 1 ). To guarantee perfect adherence between the plate probe and the wall, the thermo-conductive paste was used, while the plasticine clay was used for the temperature probes.
Due to the difficulty of keeping the stationary conditions due to the variability of the forcing agents acting on the building, as established by the above-mentioned reference standard, data acquisition lasted for a minimum of three days, with readings every ten minutes. This time period has been increased in the case of walls with a high thickness [16] . In conclusion, it should be stressed that the measurement carried out in situ must take into account the error that was not directly calculated by the authors. For uncertainty quantification, in fact, the technical data referred to in the relative data sheets provided by the manufacturer, shown in Table 1 , have been taken into consideration.
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At that point, it was possible to start with the measurements. The instrumentation used consisted of a flat-plat thermal flux meter located inside the building, a wireless temperature probe, placed outside and two probes measuring the surface temperatures of the two sides of the wall also positioned near it ( Figure 1 ). To guarantee perfect adherence between the plate probe and the wall, the thermo-conductive paste was used, while the plasticine clay was used for the temperature probes. Subsequently, all the data obtained in the measurements were extrapolated from the data logger used and reported both in graphical and tabular form. For this purpose, the software supplied directly by the manufacturer of instrumentation ("Testo Comfort" software) was used. The direct comparison between the two types of output made it possible to identify "useful" data with respect to those deriving from disturbing factors such as ignition, heating, window opening, lack of an appropriate temperature difference . . . Once the abnormal "peaks" of the graphic output were identified together with their respective causes, thanks to the tables it was possible to extrapolate and isolate the corresponding measured values. This operation allowed to eliminate any disturbed values, therefore considered not reliable. It is clear that this phase is really fundamental because an incorrect analysis of the measurements results can lead to subsequent errors in the evaluation of the transmittance values. The last phase, the one concerning data mining and subsequent interpretation, was also developed in compliance with UNI ISO 9869, applying the "Progressive Average Method." The formula used is the following:
where "q" is the thermal flux, "T i " is the internal temperature, "T e " is the external temperature. In general, the results obtained were considered valid when, in compliance with the "progressive average method," the value of the thermal resistance was converged asymptotically to the value sought. Finally, with the Design Builder software the model of the masonry building aggregate has been reconstructed containing the wall type under investigation and the main calculation results have been extrapolated together with the experimental analyses, in order to verify accurately the reliability of the results [23] . The term building aggregate means a set of buildings grouped together or in contact with each other, which can interact under a seismic or dynamic event in general. They generally have non-homogeneous construction characteristics and stratified over time, with more or less effective structural links between the different buildings that make it up. As mentioned, the methodology developed was verified on some types of walls in the historic village of Fontecchio, located in Italy, in the Province of L'Aquila.
Results

Preliminary Analysis for the Selection of Wall Samples
Before carrying out the in-situ analyses, a sampling of the wall types in the minor centre of Fontecchio was carried out. A mapping of these one has allowed to highlight the most frequent construction solutions. The presence of ten different types of wall samples emerged from this analysis.
After having classified and analysed the wall samples, all the studies necessary to choose the buildings able to guarantee the correct monitoring conditions have been carried out. This transition was rather complex as the area of interest is a small village hit by the earthquake that in 2009 strongly damaged the Province of L'Aquila and beyond. Therefore, the buildings are mostly uninhabited, characterized by internal temperatures not suitable for testing and often not characterized by confined spaces, due to collapses, partial breakages of the building envelope, . . . In short, therefore, the buildings eligible for our study were very few at the end. For this reason, it was possible to analyse only four wall samples ( Figure 2 ), which however represent a total of about 60% of the masonry present in the small village. Therefore, they can be considered a representative sample.
Following the description in detail:
• The wall sample no. 1-M1, that is a masonry of partially squared, medium-sized blocks and stone flakes with plastered inner surface, of 60 cm thickness; •
The wall sample no. 2-M2, that is a masonry of partially squared small and medium-sized stone blocks with plastered surface, of 74 cm thickness; •
The wall sample no. 3-M3, that is a masonry of partially-squared, semi-sized stone blocks and stone flakes with internal and external plastered surfaces, more recent of 55 cm thickness; •
The wall sample no. 4-M4, that is a masonry of stones with roughly squared blocks of medium and large dimensions and flakes with internal plastered surface, of 61 cm thickness.
It is evident that in the case of an inhabited historical centre and in standard conditions the number of measurable samples would be higher. In the case study of Fontecchio there were many obstacles and constraints that in many cases it was necessary to repeat many tests before obtaining scientifically reliable results. 
Experimental Analyses and the Main Results
For each of the four buildings containing the wall samples, the following activities were performed:
• metric and photographic survey of the building aggregate • analysis of the construction technology of the masonry.
Through the data acquired visually and with non-invasive investigations, elaborated section and plant charts have been drawn up, detailing the construction elements of the building aggregate. In the subsequent phase, with the use of a thermal camera the material continuity of the perimeter walls was verified, so as to exclude the presence of foreign elements not visible to the naked eye, such as to generate thermal bridges in the actual state or in any future conditions. At this point it was possible to implement the thermal flux analysis lasting at least three days at regular intervals of 10 min, in compliance with the UNI ISO 9869 standard. The data obtained from the measurements were filtered through the analysis described in the previous section so that the instantaneous values of transmittance measured by the thermal flux meter were processed using the progressive average method. The main results are shown below.
The Wall Sample No. 1-M1
The wall sample no. 1 chosen for monitoring, it is located in a masonry building aggregate in the south-west area of the village (Figure 3 ). Starting from 10 April, the measurement cycle was performed in for which the result of the transmittance calculation was equal to 2.301 W/m 2 K. However, during the analysis of the instantaneous transmittance values recorded by the data logger of the thermal flux meter, in many cases the difference in internal-external temperature did not exceed 5-10 °C. In addition, the building in which the survey was carried out was not inhabited for a long time, due to the earthquake of 2009, and the internal ideal temperature, for this reason, has been reached through the use of an electric stove. For this reason, it was decided to repeat the experimentation measurement, just to give the building the possibility of reaching stationary conditions, similar to those of an inhabited building. Once the stationary conditions were reached, experimentation was carried out again. Overall, 431 measurement cycles were performed from 12 to 15 April. The outside temperature ranged from a minimum of 4.30 °C to a maximum of 25.50 °C. The internal temperature was constant throughout the day at around 20 °C, reaching the maximum value of 21.40 °C while during the night it fell to a minimum of 14.10 °C. The internal and external 
Experimental Analyses and the Main Results
The Wall Sample No. 1-M1
The wall sample no. 1 chosen for monitoring, it is located in a masonry building aggregate in the south-west area of the village (Figure 3 ). Starting from 10 April, the measurement cycle was performed in for which the result of the transmittance calculation was equal to 2.301 W/m 2 K. However, during the analysis of the instantaneous transmittance values recorded by the data logger of the thermal flux meter, in many cases the difference in internal-external temperature did not exceed 5-10 • C. In addition, the building in which the survey was carried out was not inhabited for a long time, due to the earthquake of 2009, and the internal ideal temperature, for this reason, has been reached through the use of an electric stove. For this reason, it was decided to repeat the experimentation measurement, just to give the building the possibility of reaching stationary conditions, similar to those of an inhabited building. Once the stationary conditions were reached, experimentation was carried out again. Overall, 431 measurement cycles were performed from 12 to 15 April. The outside temperature ranged from a minimum of 4.30 • C to a maximum of 25.50 • C. The internal temperature was constant throughout the day at around 20 • C, reaching the maximum value of 21.40 • C while during the night it fell to a minimum of 14.10 • C. The internal and external temperature difference reached a maximum value of 15.70 • C but there were also cases in which the two values were very close. These situations occurred during the time period between 13:00 and 15:00 of every day the measurements were taken and this led to anomalous conditions, as can easily be found in the peaks in Figure 4 . At these times, the thermal flow was negative, precisely because there was an "inversion" of the same from the outside towards the inside. It was necessary to carry out the appropriate assessments and extrapolation of unreliable and not useful data, among those obtained in a tabular form, an excerpt of which is reported in Table 2 . This table contains the data measured in situ, that is, the temperatures, the instantaneous transmittance, the thermal flow and the calculation of thermal gradients. On the basis of these values it was possible to calculate the values referred to in the Equation (1) shown on the right side of the same Table 2 and highlighted in grey. In this way, it was possible to obtain the transmittance values, equal to 1.740 W/m 2 K. temperature difference reached a maximum value of 15.70 °C but there were also cases in which the two values were very close. These situations occurred during the time period between 13:00 and 15:00 of every day the measurements were taken and this led to anomalous conditions, as can easily be found in the peaks in Figure 4 . At these times, the thermal flow was negative, precisely because there was an "inversion" of the same from the outside towards the inside. It was necessary to carry out the appropriate assessments and extrapolation of unreliable and not useful data, among those obtained in a tabular form, an excerpt of which is reported in Table 2 . This table contains the data measured in situ, that is, the temperatures, the instantaneous transmittance, the thermal flow and the calculation of thermal gradients. On the basis of these values it was possible to calculate the values referred to in the Equation (1) shown on the right side of the same Table 2 and highlighted in grey. In this way, it was possible to obtain the transmittance values, equal to 1.740 W/m 2 K. As previously stated, once the measurements and the survey of the building aggregate have been carried out, the model of the masonry building aggregate was reconstructed using Design Builder software, the most established and advanced user interface to EnergyPlus. Crawley, D.B. et al. and Young Tae Chae et al. told that EnergyPlus "…is accepted worldwide to simulate annual building energy performance, HVAC systems, or thermal environment of a particular space in buildings" [34, 35] .
At present, the modelling has been performed only for the building aggregate in which the M1 wall is located ( Figure 5 ), while it is still to be developed for the other three cases. Part of the data detected by the thermal flux meter. Graphical output. Some anomalous peaks of the transmittance value were highlighted with the grey background. These peaks occurred because in the days of the measurements, the internal-external difference of temperature around noon, was not at least 10-15 degrees. Instead four moments at night were highlighted in pink. During these moments, the heating system was turned off because the internal temperature was close to 20 degrees and the wall collected heat because of the inertial effect. As time passed, the internal temperature decreased and the wall started to loss heat. 15:00 of every day the measurements were taken and this led to anomalous conditions, as can easily be found in the peaks in Figure 4 . At these times, the thermal flow was negative, precisely because there was an "inversion" of the same from the outside towards the inside. It was necessary to carry out the appropriate assessments and extrapolation of unreliable and not useful data, among those obtained in a tabular form, an excerpt of which is reported in Table 2 . This table contains the data measured in situ, that is, the temperatures, the instantaneous transmittance, the thermal flow and the calculation of thermal gradients. On the basis of these values it was possible to calculate the values referred to in the Equation (1) shown on the right side of the same Table 2 and highlighted in grey. In this way, it was possible to obtain the transmittance values, equal to 1.740 W/m 2 K.
As previously stated, once the measurements and the survey of the building aggregate have been carried out, the model of the masonry building aggregate was reconstructed using Design Builder software, the most established and advanced user interface to EnergyPlus. Crawley, D.B. et al. and Young Tae Chae et al. told that EnergyPlus "…is accepted worldwide to simulate annual building energy performance, HVAC systems, or thermal environment of a particular space in buildings" [34, 35] .
At present, the modelling has been performed only for the building aggregate in which the M1 wall is located ( Figure 5 ), while it is still to be developed for the other three cases. Part of the data detected by the thermal flux meter. Graphical output. Some anomalous peaks of the transmittance value were highlighted with the grey background. These peaks occurred because in the days of the measurements, the internal-external difference of temperature around noon, was not at least 10-15 degrees. Instead four moments at night were highlighted in pink. During these moments, the heating system was turned off because the internal temperature was close to 20 degrees and the wall collected heat because of the inertial effect. As time passed, the internal temperature decreased and the wall started to loss heat. Figure 4 . Part of the data detected by the thermal flux meter. Graphical output. Some anomalous peaks of the transmittance value were highlighted with the grey background. These peaks occurred because in the days of the measurements, the internal-external difference of temperature around noon, was not at least 10-15 degrees. Instead four moments at night were highlighted in pink. During these moments, the heating system was turned off because the internal temperature was close to 20 degrees and the wall collected heat because of the inertial effect. As time passed, the internal temperature decreased and the wall started to loss heat.
As previously stated, once the measurements and the survey of the building aggregate have been carried out, the model of the masonry building aggregate was reconstructed using Design Builder software, the most established and advanced user interface to EnergyPlus. Crawley, D.B. et al. and Young Tae Chae et al. told that EnergyPlus " . . . is accepted worldwide to simulate annual building energy performance, HVAC systems, or thermal environment of a particular space in buildings" [34, 35] . Table 2 . On the left side, the data detected by the thermal flux meter Tabular output. In particular, in the table there are data concerning the first and the last 10 measurements, so as to highlight the variation of the parameters involved in the measurement. On the right side, against the grey background, the calculation of the variables of the Equation (1) has been inserted. the left side, the data detected by the thermal flux meter Tabular output. In particular, in the table there are data concerning the first and the last 10 nts, so as to highlight the variation of the parameters involved in the measurement. On the right side, against the grey background, the calculation of the the Equation (1) At present, the modelling has been performed only for the building aggregate in which the M1 wall is located ( Figure 5 ), while it is still to be developed for the other three cases. 
N. Day/Month/Year
The Wall Sample No. 2-M2
The wall sample no. 2 is located in a building located in the west of the village overlooking the square called "Chiassetto della Caia" (Figure 6 ). In this case the conditions for monitoring the behaviour of the wall were ideal because, unlike what happened with sample no. 1, the building was inhabited and therefore there was a constant internal temperature. The only inconvenience was that the wall to test was exposed to the south, so it was necessary to realize a temporary shading system. Also in this case it was necessary to repeat the test to mitigate the effects of the excessive sunshine that occurred during the first monitoring.
In relation to the M2 wall, 233 measuring cycles were performed from 21 to 23 March. The outside temperature ranged from a minimum of 3.90 °C to a maximum of 9.70 °C. The internal temperature was constant throughout the day at around 18.00-19.00 °C reaching the maximum value of 20.50 °C and minimum equal of 18.30 °C. The internal and external temperature difference was always kept above 10.00 °C, with a maximum value of 14.50 °C, with the exception of the last four cycles during which the following values were obtained: 9.70 °C, 8.80 °C, 8.90 °C and 9.10 °C (Table 3) . Therefore, no anomalous situations have occurred so, except for the above mentioned last four cycles, the measured data were all considered useful.
Similar to the description of the M1 wall, Table 3 contains the data measured in situ, that is, the temperatures, the instantaneous transmittance, the thermal flow and the calculation of the thermal gradients. In function of these values it was possible to calculate the values referred to in the Equation (1) shown on the right side of the same Table 3 and highlighted in grey. In this way, it was possible to obtain the transmittance values, a result equal to 1.27 W/m 2 K. 
The wall sample no. 2 is located in a building located in the west of the village overlooking the square called "Chiassetto della Caia" (Figure 6 ). In this case the conditions for monitoring the behaviour of the wall were ideal because, unlike what happened with sample no. 1, the building was inhabited and therefore there was a constant internal temperature. The only inconvenience was that the wall to test was exposed to the south, so it was necessary to realize a temporary shading system. Also in this case it was necessary to repeat the test to mitigate the effects of the excessive sunshine that occurred during the first monitoring. The wall sample no. 2 is located in a building located in the west of the village overlooking the square called "Chiassetto della Caia" (Figure 6 ). In this case the conditions for monitoring the behaviour of the wall were ideal because, unlike what happened with sample no. 1, the building was inhabited and therefore there was a constant internal temperature. The only inconvenience was that the wall to test was exposed to the south, so it was necessary to realize a temporary shading system. Also in this case it was necessary to repeat the test to mitigate the effects of the excessive sunshine that occurred during the first monitoring.
Similar to the description of the M1 wall, Table 3 contains the data measured in situ, that is, the temperatures, the instantaneous transmittance, the thermal flow and the calculation of the thermal gradients. In function of these values it was possible to calculate the values referred to in the Equation (1) shown on the right side of the same Table 3 and highlighted in grey. In this way, it was possible to obtain the transmittance values, a result equal to 1.27 W/m 2 K. In relation to the M2 wall, 233 measuring cycles were performed from 21 to 23 March. The outside temperature ranged from a minimum of 3.90 • C to a maximum of 9.70 • C. The internal temperature was constant throughout the day at around 18.00-19.00 • C reaching the maximum value of 20.50 • C and minimum equal of 18.30 • C. The internal and external temperature difference was always kept above 10.00 • C, with a maximum value of 14.50 • C, with the exception of the last four cycles during which the following values were obtained: 9.70 • C, 8.80 • C, 8.90 • C and 9.10 • C (Table 3) . Therefore, no anomalous situations have occurred so, except for the above mentioned last four cycles, the measured data were all considered useful. Table 3 . On the left side, the data detected by the thermal flux meter. Tabular output. In particular, in the table there are data concerning the first and the last 10 measurements, so as to highlight the variation of the parameters involved in the measurement. The data for the last four cycles mentioned in the text can be seen. On the right side, against the grey background, the calculation of the variables of the Equation (1) the left side, the data detected by the thermal flux meter Tabular output. In particular, in the table there are data concerning the first and the last 10 nts, so as to highlight the variation of the parameters involved in the measurement. On the right side, against the grey background, the calculation of the the Equation (1) Similar to the description of the M1 wall, Table 3 contains the data measured in situ, that is, the temperatures, the instantaneous transmittance, the thermal flow and the calculation of the thermal gradients. In function of these values it was possible to calculate the values referred to in the Equation (1) shown on the right side of the same Table 3 and highlighted in grey. In this way, it was possible to obtain the transmittance values, a result equal to 1.27 W/m 2 K.
The Wall Sample No. 3-M3
The wall sample no. 3 is part of a masonry building aggregate consisting of a house-wall located in the east of the village of Fontecchio. Also in this case the conditions for monitoring the behaviour of the wall was not ideal because the building was not inhabited. Instead, it was possible to position the probe in a uniform, undisturbed point, equidistant from the other construction elements such as doors, windows and so forth and representative of the vertical closure as a whole. During the measurement, it was not possible to have a suitable difference of temperature, so several cycles of measurement were not taken into account. In detail, 969 measurement cycles were performed from 29 March to 5 April. The outside temperature ranged from a minimum of 2.90 • C to a maximum of 17.30 • C. The internal temperature was rather low, in fact it never reached 20.00 • C. In particular, it has fluctuated in a range between 9.10 • C and 14.80 • C. The internal and external temperature difference reached a maximum value of 11.00 • C but there were also cases in which the external one was higher than the internal one causing a negative value of "Ti-Te." This phenomenon occurred above all during the daytime hours while at night the gradient always returned at around 10.00 • C. At these times, the thermal flow was negative, precisely because there was an "inversion" of the same from the outside towards the inside. Therefore, it was necessary to carry out the appropriate assessments and extrapolation of unreliable and not useful data, among those obtained in a tabular form, an excerpt of which is reported in Table 4 . This table contains the data measured in situ, that is, the temperatures, the instantaneous transmittance, the thermal flow and the calculation of thermal gradients. On the basis of these values it was possible to calculate the values referred to in the Equation (1) shown on the right side of the same Table 4 and highlighted in grey. In this way, it was possible to obtain the transmittance values, equal to 1.98 W/m 2 K (Figures 7 and 8 ). The wall sample no. 3 is part of a masonry building aggregate consisting of a house-wall located in the east of the village of Fontecchio. Also in this case the conditions for monitoring the behaviour of the wall was not ideal because the building was not inhabited. Instead, it was possible to position the probe in a uniform, undisturbed point, equidistant from the other construction elements such as doors, windows and so forth and representative of the vertical closure as a whole. During the measurement, it was not possible to have a suitable difference of temperature, so several cycles of measurement were not taken into account. In detail, 969 measurement cycles were performed from 29 March to 5 April. The outside temperature ranged from a minimum of 2.90 °C to a maximum of 17.30 °C. The internal temperature was rather low, in fact it never reached 20.00 °C. In particular, it has fluctuated in a range between 9.10 °C and 14.80 °C. The internal and external temperature difference reached a maximum value of 11.00 °C but there were also cases in which the external one was higher than the internal one causing a negative value of "Ti-Te." This phenomenon occurred above all during the daytime hours while at night the gradient always returned at around 10.00 °C. At these times, the thermal flow was negative, precisely because there was an "inversion" of the same from the outside towards the inside. Therefore, it was necessary to carry out the appropriate assessments and extrapolation of unreliable and not useful data, among those obtained in a tabular form, an excerpt of which is reported in Table 4 . This table contains the data measured in situ, that is, the temperatures, the instantaneous transmittance, the thermal flow and the calculation of thermal gradients. On the basis of these values it was possible to calculate the values referred to in the Equation (1) shown on the right side of the same Table 4 and highlighted in grey. In this way, it was possible to obtain the transmittance values, equal to 1.98 W/m 2 K (Figures 7 and 8 ). Table 4 . On the left side, the data detected by the thermal flux meter. Tabular output. In particular, the data in the table concern the first and the last 10 measurements, so as to highlight the variation of the parameters involved in the measurement. As mentioned, during the day, it was not possible to have a suitable difference of temperature, so the measurements were not taken into account. On the right side, against the grey background, the calculation of the variables referred to in the Equation (1) was inserted. the left side, the data detected by the thermal flux meter Tabular output. In particular, in the table there are data concerning the first and the last 10 nts, so as to highlight the variation of the parameters involved in the measurement. On the right side, against the grey background, the calculation of the the Equation (1) Figure 7 . Point where the measurement was performed. 
N. Day/Month/Year
The Wall Sample No. 4-M4
Also, the wall sample no. 4 is located in a house-wall and, in this case, it was not necessary to repeat the tests since the monitoring conditions were ideal.
In relation to the M4 wall, 250 measurement cycles were performed from 11 to 13 April. The outdoor temperature was variable between a minimum of 3.10 • C and a maximum of 8.00 • C. The internal temperature was constant throughout the day around 17.00-18.00 • C reaching the maximum value equal to 18.80 • C and minimum equal to 16 .90 • C. The internal and external temperature difference was always kept above 10.00 • C, with a maximum value of 15.30 • C, with the exception of the first cycles in which the minimum value equal to 9.10 • C was reached. Therefore, no anomalous situations have occurred so, with the exception of the above mentioned first cycles, the measured data have all been considered useful.
Applying the progressive average method to the instantaneous transmittance values recorded by the Data Logger of the thermal flux meter the experimental result obtained was equal to 1.815 W/m 2 K (Figure 9 ) referred to a trial period starting from 10 April. Also, the wall sample no. 4 is located in a house-wall and, in this case, it was not necessary to repeat the tests since the monitoring conditions were ideal.
In relation to the M4 wall, 250 measurement cycles were performed from 11 to 13 April. The outdoor temperature was variable between a minimum of 3.10 °C and a maximum of 8.00 °C. The internal temperature was constant throughout the day around 17.00-18.00 °C reaching the maximum value equal to 18.80 °C and minimum equal to 16.90 °C. The internal and external temperature difference was always kept above 10.00 °C, with a maximum value of 15.30 °C, with the exception of the first cycles in which the minimum value equal to 9.10 °C was reached. Therefore, no anomalous situations have occurred so, with the exception of the above mentioned first cycles, the measured data have all been considered useful.
Applying the progressive average method to the instantaneous transmittance values recorded by the Data Logger of the thermal flux meter the experimental result obtained was equal to 1.815 W/m 2 K (Figure 9 ) referred to a trial period starting from 10 April. 
Discussion
The values measured on the four samples analysed do not reflect the literature data. In fact, according to the study "Building Typology Brochure-Italy" made by the research group Tebe of the Politecnico di Torino [10] , among the main Italian building typologies, identified with the support of literature and technical regulations, it is possible to detect the masonry in stone plastered with transmittance values oscillating between 2.00 and 2.40 W/m 2 K depending on the wall thickness.
The UNI TS 11300 Part 1 defines with greater precision the thermal transmittance of masonry in plastered stone according to the thickness: from 30 cm up to a maximum of 60 cm. This transmittance decreases from a maximum of 2.99 W/m 2 K for the thinner wall up to a minimum of 2.00 W/m 2 K for the thicker one. The values measured in the historical centre of Fontecchio vary 2 Figure 9 . Point where the measurement was performed.
The values measured on the four samples analysed do not reflect the literature data. In fact, according to the study "Building Typology Brochure-Italy" made by the research group Tebe of the Politecnico di Torino [10] , among the main Italian building typologies, identified with the support of literature and technical regulations, it is possible to detect the masonry in stone plastered with transmittance values oscillating between 2.00 and 2.40 W/m 2 K depending on the wall thickness. The UNI TS 11300 Part 1 defines with greater precision the thermal transmittance of masonry in plastered stone according to the thickness: from 30 cm up to a maximum of 60 cm. This transmittance decreases from a maximum of 2.99 W/m 2 K for the thinner wall up to a minimum of 2.00 W/m 2 K for the thicker one. The values measured in the historical centre of Fontecchio vary between 1.27 and 1.98 W/m 2 K, as summarized in Table 5 . As shown in the table, a significant difference was found between the measured and the regulatory values, in particular the former are lower than those recorded in the literature. Specifically, the variation recorded is equal to about 10-15% for the types of walls M1 and M3. On the other hand, it is not possible to make comparisons for walls of type M2 and M4 because, having a thickness of more than 60 cm, there are no transmittance values recorded in the reference standard. In the absence of measurements and of real data concerning the transmittance of the walls of the building envelope, it is clear that the rehabilitation project will not respect the real needs of the building. The importance of an in-depth knowledge of the real behaviour of an existing historical envelope of a building is therefore fundamental, given that any evaluation mistake can have serious consequences from both an economic and environmental point of view. Underestimating the transmittance of a wall involves the use of a greater amount of insulating material or, in any case, of more performing material to comply with current legislation; therefore, it implies a waste in the use of available resources but also the disposal of greater quantities of building materials in relation to the end of life.
The results obtained on the analysed wall samples can be considered significant because they are recurrent in the particular context under investigation. But they are also relevant for other historic centres located in the already mentioned "Limestone area of L'Aquila" [28] whose buildings were built with the same type of stone laid in masonry that in most cases remained intact and not subject to rework over the years. The importance of the results obtained is evident in relation to the recurrence of the historical construction techniques, of the stones used from the same limestone quarries, ... They are therefore easily exportable even in many villages scattered with the Province of L'Aquila. For this reason, they allow a step forward in scientific knowledge in relation to minor historical buildings. Furthermore, the results presented here are of considerable value if we take into consideration the fact that this territory is currently the subject of an important post-earthquake reconstruction activity which involves the use of public funds also for the energy redevelopment of the building envelopes. It is evident the importance for designers to have real data for comparison to ensure greater rationality in the use of resources, both environmental and economic. Also in light of the fact that very often we need to turn to experts to perform measurements in situ to get such data. To make this situation more difficult, there is also the impossibility to make measurements as often the buildings under study do not have confined spaces any more (due to collapses, broken windows, . . . ), so it is not possible to heat the rooms. Therefore, the results obtained are considered to be meaningful only for the "insiders" working in the particular context investigated.
But the study previously illustrated and the methodology explained are very relevant also at a general level because the study of the state of the art revealed the lack of strategies and methods to implement a rehabilitation intervention on historical buildings, with the exception of the few pilot experiences mentioned. And this despite the fact that this topic is relevant at an international level.
Conclusions
Knowledge of the energetic behaviour of historic buildings is a highly topical subject at the international level but despite this, no effective methods and instruments recognized at European level have been identified. Furthermore, in the specific context of Italy, Legislative Decree 192.2005 and s.m.i. has imposed the respect of certain transmittance values, defined as "limit," in the intervention on historical building envelopes. This imposition does not take into account the construction techniques, the local peculiarities, the construction period of the building structure . . . and above all the difficulty of identifying design solutions that are effective and compatible due to the lack of specific data on the thermal characteristics of masonry walls. Therefore, it is evident the need to deepen this line of research through the development of methodologies and best practices in order to produce systemic actions. This paper follows this line of research and has illustrated a methodology where the thermal performance of historical masonries has been measured using the heat flow-meter measurement (HFM), a Non Destructive Testing (NDT) that permits determination of the thermal transmittance properties of the opaque envelope directly in situ. The procedure is regulated by the standard UNI ISO 9869: 1994.
The methodology proposed involves the development of some phases aimed at identifying the most recurring sample wall panels. In the specific village under study, it was possible to identify four wall samples. This is because, being a historic centre hit by the earthquake of 2009, it was not possible to verify the context conditions of many buildings without which the measurement cannot be considered valid. The results obtained show a significant difference between the measured and the normative values, in particular the former are lower than those of the literature. Specifically, the variation recorded is equal to about 10-15% for the types of walls M1 and M3. For the other two there are no reference values of literature. The work presented in this paper is only a first part of a broader research aimed at increasing knowledge on the properties of historical walls. As the village di Fontecchio returns to be inhabited and its buildings accessible and confined, this research will be continued by analysing further samples in order to draw up a reference database. Then the research will be extended to the other neighbouring centres this database can be made available to researchers but also professionals and representatives of the authorities in order to be able to intervene with awareness on the types of masonry analysed.
The developed measurement results and methodology can be easily replicated in other contexts and extended to all the building elements that make up the historical envelope.
A further scenario of future development that the authors are interested in is the assessment of the negative effects that derive from a wrong evaluation of the thermal transmittance of the walls of historic buildings, especially in relation to the disposal of building materials. In fact according to all recent directive of European Union [36] , it is necessary to define alternative strategies to the disposal of high quantities of building materials. Analysing the scientific literature, it is possible to find interesting technological solutions and related environmental benefits coming from wall recycling [37] . However, there is a clear fragmentation in economic aspects related to this scope. For this reason the future step is to develop a financial model finalized to assess the profitability of recycling in this sector. The model will be based on the main economic indexes, represented by the Net Present Value (NPV) and the Discounted Payback Period (DPBT).
